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Ber (Ziziphus spp.), belongs to the family Rhamna-
ceae, consisting of 45 genera and 550 species, and is 
widely distributed in tropical and subtropical climates 
in the world, i.e., Northern Africa, Southern Europe, 
and Western Asia [Mukhtar et al. 2004]. Ber fruits are  
a rich nutritional source of energy, protein, and min-
erals. It refreshes and restores, improves memory, and 
remedies high blood pressure [De Bairacli 1991]. Jujube 
fruits help eliminate oxidative stress in the liver [Shen et 
al. 2009] and inhibit tumor cells [Fatemeh et al. 2008]. 

Potassium (K) deficiency is one of the most nu-
trition management problems under calcareous soil 

conditions, accounting for leaf chlorosis, scorching, 
early leaf and fruit abscission, and inferior fruit size 
and yield [Robbins et al. 1982]. Although K is not  
a constituent of any functional molecules or plant 
structures, it is involved in numerous biochemical and 
physiological processes vital to plant growth, yield, 
and quality [Marschner 1995]. Adequate K nutrition 
has been associated with increased yields, fruit size, 
soluble solids and ascorbic acid concentrations, im-
proved fruit color, increased shelf life, and shipping 
quality of many horticultural crops [Geraldson 1985, 
Lester et al. 2005, 2006]. So application of K as a foli-
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ABSTRACT

The present study was conducted during the two successive seasons, 2017 and 2018, at King Saud 
University, Saudi Arabia, to investigate the effects of foliar sprays on Ziziphus jujuba trees by yeast extract 
at 1% and 2% and potassium nitrate (KNO3) at 1% and 2%. All treatments were foliar applied twice 
(December 15 – January 15) in both seasons. Yield and fruit quality were studied. Treatments significantly 
improved yield, physical fruit and fruit chemical characteristics, moisture content, chlorophyll a, b and 
total chlorophyll by most tested treatments in both seasons than the control (water only). Yeast spray 
treatments significantly decreased juice content vitamin C (mg/100 g), while KNO3 spray treatments 
increased juice content vitamin C in both seasons. It can be concluded that foliar application with KNO3 at 
2% recorded the best treatment to obtain the highest yield, fruit weight, flesh weight, fruit volume, fruit 
length and fruit diameter, while yeast extract at 2% treatment gave the highest TSS% and total sugar 
contents in this study.
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ar spray has been used to adjust tree K levels in prune 
[Robbins et al. 1982]. 

Yeast extract (Saccharomyces cervisiae) is a natu-
ral component that contains many of the nutrient ele-
ments and cytokinins, which is safe and non-pollutant. 
It has a considerable amount of amino acids [Abou 
Zaid 1984]; mineral elements, carbohydrates, reduc-
ing sugars, enzymes, and vitamins B1, B2, B3, B12 [Cas-
telfranco and Beale 1983, Somer 1987, Khedr and Far-
id 2000]. Also, it is a source of cytokinins and protein 
that enhance cell division and enlargement [Barnett et 
al. 1990]. Moreover, Yeo et al. [2000] found that yeast 
extracts contain trehalose-6-phosphate synthase, a key 
enzyme for trehalose biosynthesis. Many investigators 
reported that spraying fruit trees with yeast extract im-
proved growth, yield, and quality, i.e. Abd El-Ghany 
et al. [2001], Ismaeil et al. [2003] on vines as well as 
Atawia and El-Desouky [1997], Hegab et al. [2005], 
Khafagy et al. [2010] found that spraying orange trees 
with yeast extract were more effective on improv-
ing total yield and fruit quality. Also, El-Motty et al. 
[2010] showed that spraying Keitte mango trees with 
algae at 2% combined with yeast at 0.2% was very 
effective increased fruit quality. Mostafa and Abou-
Raya [2004] found that, TSS% content was higher val-
ues when Grand Nan Banana cv. plant received active 
dry yeast.

The possibility of using potassium nitrate for im-
proving yield and quality of fruit crops was mentioned 
by [Southwick et al. 1996] found that potassium nitrate 
sprays were as effective, or better than soil-applied K 
in maintaining adequate levels of leaf K throughout the 
season. Erner et al. [1993], Boman [1997], Boman and 
Hebb [1998] and Boman [2001] showed that the orange 
trees sprayed with KNO3 increased yield and fruit qual-
ity compared to the untreated control treatment. 

Gill et al. [2012] studied the effect of spraying of 
‘Patharnakh’ pear trees with KNO3, and found that 
maximum fruit size was recorded with three sprays of 
KNO3 at 1.5 %. Inglese et al. [2002] on olive trees, 
showed that potassium nitrate sprays at 3% increased 
fruit yield and fresh fruit weight. Khayyat et al. [2012] 
showed that potassium nitrate foliar spray on pome-
granate increased juice weight and total soluble sol-
ids (TSS) compared to the control. Sotiropoulos et al. 
[2010] showed that foliar application of KNO3 (3 kg 
per 1000 kg water) on ‘Andross’ peach cultivar in-

creased fruit weight. Palsande et al. [2013] studied the 
effect of foliar application of 2% KNO3 on cashew nut 
and found that, the maximum average weight of nut was 
observed due to the foliar spray of 2% KNO3. Altındişli 
et al. [1999], Mosqueda [1989] and Sarker and Rahim 
[2013] on mango found that yield and quality were in-
fluenced by foliar application of potassium nitrate. 

The main aim of this study was to investigate the 
effect of foliar spraying of yeast and potassium ni-
trate on yield and fruit physio-chemical composition 
of Ziziphus jujuba trees grown under calcareous soil 
conditions.

MATERIALS AND METHODS

The present study was conducted during the two 
successive seasons, 2017 and 2018, at the Research 
and Agricultural Experimental Station, King Saud 
University, Saudi Arabia. The trees were planted at  
4 × 5 m spacing and pruned in April by removing 
all primary branches leaving 60 cm from the base of 
the trunk. The harvest date of jujube fruits grown in  
a calcareous soil under flooding irrigation system. The 
mechanical and chemical analysis of orchard soil and 
water irrigation were done, before the experiment had 
been conducted in the 1st season, as shown in Table 
1. Trees were subjected to the same cultural practices 
usually done in the orchard. In May of both seasons, 
trees were fertilized with organic manure and calci-
um superphosphate (15% P2O2) at a rate of 20 kg and 
1.5 kg per tree, respectively. Also, three kg ammoni-
um sulphate (20.6% N) and 1.5 kg potassium sulphate 
(48% K2O) per tree were added in three equal doses at 
the beginning of May, June, and August.

Fifteen trees were selected as uniform as possible 
and were subjected to foliar spray during two seasons. 
All treatments were foliar applied twice (December 
15 – January 15) in both seasons. The experiment 
was designed as a randomised complete block design 
(RCBD), and the following five foliar spray treatments 
were applied with three replicates for each treatment: 
water only (control), yeast extract at 1%, yeast extract 
at 2%, potassium nitrate (KNO3) at 1% and potassium 
nitrate (KNO3) at 2%.

All treatments were sprayed when the fruitlet was 
diameter at 3.0–4.0 mm (15–20 days after the fruit set). 
The surfactant Nourfilm (produced by Alam Chemica) 

http://cabdirect.org/search.html?q=au%3A%22Sarker%2C+B.+C.%22
http://cabdirect.org/search.html?q=au%3A%22Rahim%2C+M.+A.%22
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was added at the rate of 40 cm3/100 L water (v /v) to all 
sprayed chemicals to obtain the best penetration results. 

Measurements and determination
Yield. In both seasons, fruits from each tree (rep-

licate) were harvested when the fruit color turned to 
light green (ovary green). All the harvested fruits were 
weighed to record the total yield (kg/tree) at harvest 
date.

Fruit physical characteristics. A sample of 3 kg 
fruits for each replicate was randomly collected in 
both seasons, and the following fruit characteristics 
were determined; fruit weight (g), flesh weight (g), 
seed weight (g), fruit volume (cm3), fruit length and 
diameter (cm), fruit shape index (fruit length/ diam-
eter) and fruit firmness was recorded by using Fruit 
Hardness Tester (No. 510-1) as a small cylinder (5 mm 
in diameter).

Fruit chemical characteristics. At maturity stage, 
a representative sample of 2 kg fruits were taken from 
each tree (replicate) in both seasons, and the follow-
ing characteristics were determined: total soluble sol-
ids by using a hand refractometer, total acidity (%), 
fruit pH by using pH meter, sugar content (reducing, 
non-reducing and total sugar), ascorbic acid content 
(mg/100 ml juice), moisture content, were determined 
according to AOAC [2000].

Pigments (chlorophyll a, b, and total chlorophyll). 
Fresh mature fruit samples from the skin (0.03 gm) 
were extracted with 5ml N dimethylformamide, then 
chlorophyll a, b, and total chlorophyll were deter-
mined colorimetrically at the wavelength of 663.8 and 
646.8 nm, respectively, then concentrations of each 
component was calculated by Porra et al. [1989] as 
follows:

Chlorophyll a =  
= 13.43 × A 663.8 – 3.47×A 646.8   (nm/ml)

Chlorophyll b =  
= 22.9 × A 646.8 – 5.38 ×A 663.8   (nm/ml)

Total chlorophyll =  
 = 19.43 × A 646.8 + 8.05 ×A 663.8   (nm/ml)

Statistical analysis. Data obtained throughout this 
study were statistically analyzed using the analysis of 
variance method as reported by Snedecor and Cochran 
[1980]. The least significant difference (LSD) at 5% 
was used to compare between means.

RESULTS 

Yield (kg tree–1). Results revealed that the highest 
yield (94.00 and 82.93 kg tree–1) in the first and second 

Table 1. Some physical and chemical characteristics of soil and irrigation water used for the present study 

Water irrigation Soil Parameters Value Parameters 

6.87 – pH 75.10 Sand (%) 
1.68 – EC (dS/m) 12.00 Silt (%) 

(meq/l) (meq/l) cations 12.90 Clay (%) 
7.00 3.30 Ca2+ sandy loam Textural class 
3.60 2.50 Mg2+ 0.40 Organic matter (%) 
9.80 5.60 Na+ 7.50 pH 
0.50 0.30 K+ 1.00 EC (dS/m) 

(meq/l) (meq/l) anions 18.79 Calcium carbonates 
(%) 

5.70 2.60 HCO3 14 Total N ppm 
nd nd CO3= 18.20 P ppm 

8.00 5.00 Cl– 92.00 K ppm 
7.30 3.60 SO4 – – 
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season, respectively, were obtained in KNO3 at 2%  
foliar spray, whereas, the lowest yield (52.00 and 
56.50 kg tree–1) were recorded in control (spray with 
water only) (Tab. 2). In this respect, data are shown in 
Table 2 increased yield by all tested treatments in 2017 
and 2018 seasons than the control (water only). 

Fruit physical characteristics. The effect of yeast 
extract and potassium nitrate treatments on physical 
fruit characteristics at harvest date is presented in Ta-
ble 2. Regardless of the control, a significant increase 
in fruit weight, flesh weight, fruit volume, fruit length, 
and fruit diameter was obtained by all sprayed (yeast 
extract or KNO3 at 1% and 2%) compared to the con-
trol. Maximum values in fruit weight, flesh weight, 
fruit volume, fruit length, and fruit diameter were 
found when sprayed with KNO3 at 2%, followed by 
KNO3 at 1% in the two studied seasons. In this respect, 
yeast extract at 1% or 2% increased in fruit weight, 
flesh weight, fruit volume, fruit length, and fruit di-
ameter compared to the control (water only) in both 
studied seasons. It is clear from Table 2 that in studied 
seasons; fruit weight, flesh weight, fruit volume, fruit 

length and fruit diameter increased with increasing the 
concentrations of yeast extract or KNO3 in both stud-
ied seasons. Data presented in Table 2 showed that 
the average seed weight and fruit shape index was not 
significantly affected by any of the experimental treat-
ments in both seasons. Concerning the fruit firmness, 

the data obtained in Table 2 indicated that the KNO3 at 
1% treatment gave the highest fruit firmness in the first 
and second seasons; however, the yeast extract at 2% 
treatment gave the lowest values. In this respect, foliar 
sprayed yeast extract at 1% or 2% decreased fruit firm-
ness compared to the foliar sprayed KNO3 or control 
treatments. 

Fruit chemical characteristics. Data in Tables 3 
and 4 showed the effect of foliar spray of yeast extract 
and potassium nitrate on fruit chemical characteristics 
of jujuba in the two seasons. The present data clearly 
indicated that foliar spray of yeast extract at 2% sig-
nificantly increased the TSS (%), non- reducing sugars 
and total sugars (%) contents than other treatments and 
control. This was obtained in both seasons of study. 
Reducing sugars (%) content was not significant-

Table 2. Yield and physical fruit characteristics of Ziziphus jujuba as affected by foliar spray of yeast extract and  
potassium nitrate during 2017 and 2018 seasons 

Firmness 
2cm/kg 

Fruit 
shape 
index 

Fruit 
diameter 

(cm) 

Fruit 
length 
(cm) 

Fruit 
volume 

)3(cm 

Seed 
weight 

 (g) 

Flesh 
weight 

(g) 

Fruit 
weight 

(g) 

Yield 
)1–treekg ( Treatments 

2017 season 
8.33b 1.20a 3.30d 3.97c 21.00e 1.76a 18.10e 19.86e 52.00e Control 
7.78c 1.18a 3.53c 4.17bc 24.33d 1.62a 22.35d 23.97d 64.67d Yeast 1% 
6.56d 1.22a 3.35d 4.10c 28.67c 1.65a 25.12c 26.77c 72.33c Yeast 2% 
9.16a 1.15a 3.83b 4.40b 31.00b 1.63a 28.67b 30.30b 81.00b 1% 3KNO 

8.24bc 1.15a 4.10a 4.70a 41.33a 1.81a 37.56a 39.37a 94.00a 2% 3KNO 
2018 season 

8.47b 1.23a 3.15b 3.88c 20.67c 1.61a 17.44e 19.05e 56.50d Control 
7.58c 1.28a 3.19b 4.08b 22.00c 1.77a 18.80d 20.57d 62.83c Yeast 1% 
6.80d 1.24a 3.28b 4.07bc 24.33b 1.81a 20.96c 22.77c 65.17c Yeast 2% 
9.54a 1.20a 3.77a 4.53a 33.67a 1.73a 29.28b 31.01b 74.77b 1% 3KNO 

8.22bc 1.21a 3.80a 4.60a 35.33a 1.74a 31.42a 33.16a 82.93a 2% 3KNO 

Means within each column with the same letter are not significantly different at 5% level 
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ly affected by any of the experimental treatments in 
both seasons. Fruit acidity as percentage decreased by 
spraying yeast extract and potassium nitrate treatments 
compared to the control in both seasons. Fruit PH in-
creased by yeast extract spraying treatments compared 

to control in both studied seasons 2017 and 2018. The 
highest values in fruit PH were found when sprayed 
with yeast extract at 2% in jujuba fruit in both seasons. 
Data in Table 4 indicated that fruit vitamin C (ascor-
bic acid) content was higher when jujuba trees were 

Table 3. Fruit chemical characteristics of Ziziphus jujuba as affected by foliar spray of yeast extract and potassium nitrate during 
2017 and 2018 seasons 

Total sugars 
(%) 

Non-reducing 
sugars (%) 

Reducing sugars 
(%) PH Acidity 

(%) 
TSS 
(%) Treatment 

2017 season 
11.44c 2.98c 8.46a 4.35c 0.55a 13.40d Control 
13.29a 4.80ab 8.49a 4.63b 0.41cd 16.73a Yeast 1% 
13.79a 5.28a 8.50a 4.75a 0.37d 17.27a Yeast 2% 
12.48b 3.75bc 8.73a 4.42c 0.47b 14.93c 1% 3KNO 
12.65b 3.62c 9.03a 4.55b 0.44bc 15.93b 2% 3KNO 

2018 season 
10.20d 4.31d 5.88a 4.24c 0.64a 12.53d Control 
12.93b 7.26ab 5.67a 4.58b 0.48c 14.27b Yeast 1% 
13.60a 7.58a 6.02a 4.97a 0.43d 15.40a Yeast 2% 
11.41c 5.45c 5.96a 4.39bc 0.53b 13.40c 1% 3KNO 
12.61b 6.71b 5.90a 4.43bc 0.54b 13.87bc 2% 3KNO 

Means within each column with the same letter are not significantly different at 5% level  

 
 

Table 4. Fruit chemical characteristics of Ziziphus jujuba as affected by foliar spray of yeast extract and potassium nitrate 
during 2017 and 2018 seasons  

Total chlorophyll 
(nm/ml) 

Chlorophyll b 
(nm/ml) 

Chlorophyll a 
(nm/ml) 

Moisture 
content (%) 

Vitamin C 
mg/100 ml juice Treatments 

2017 season 
3.06a 0.51a 2.55a 76.50c C49.07 Control 
1.49c 0.32a 1.17c 78.62b 42.50d Yeast 1% 
0.85d 0.24a 0.61d 78.73b 38.27d Yeast 2% 
2.50b 0.47a 2.06b 81.30a 56.00b 1% 3KNO 
2.55b 0.43a 2.11b 81.53a 61.20a 2% 3KNO 

2018 season 
3.94a 0.57a 3.37a 78.02d 50.57c Control 
2.30c 0.54a 1.76c 79.09c 42.93d Yeast 1% 
1.77d 0.57a 1.20d 79.58bc 35.27e Yeast 2% 
2.51bc 0.48a 2.03c 80.40b 54.93b 1% 3KNO 
2.97b 0.42a 2.55b 82.35a 59.40a 2% 3KNO 

Means within each column with the same letter are not significantly different at 5% level 
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treated with foliar spray of KNO3 at 2% compared to 
other treatments and control in both studied seasons.  
As for the moisture content percentage, results in Ta-
ble 4 showed that moisture fruit content was signifi-
cantly affected by the different treatments. Trees treat-
ed by foliar spray of KNO3 at 2% treatment increased 
moisture content in fruits, on the other hand, control 
trees gave the lowest moisture fruit content during this 
study. Data depicted in Table 4 indicate that pigments 
(chlorophyll a and total) in peel fruits were increased 
from control trees. At the same time, the lowest value 
was obtained from trees treated by foliar spray of yeast 
extract at 2% treatment, during this study. Chlorophyll 
b content in peel fruits was not significantly affected 
by any experimental treatments in both seasons. 

DISCUSSION

Our results showed that yeast extract and potas-
sium nitrate were improved yield, fruit physical and 
chemical characteristics in both seasons than the con-
trol (water only). These results agree with those ob-
tained by Boman [2001], who found that KNO3 sprays 
increased the number of fruits per tree, fruit yield 
compared to the untreated control treatment. Gener-
ally, the essential element potassium has a significant 
regulatory role within plant cells and organs, such as 
activating more than 50 enzymes, osmosis regula-
tion and photosynthesis, and loading and unloading 
of sugars in phloem [Mengel 2007]. Also, Inglese et 
al. [2002] on olive trees, showed that potassium ni-
trate sprays at 3% increased fruit yield. These results 
are in line also with those reported by Hegab et al. 
[2005], Atawia and El-Desouky [1997] and El-Mot-
ty et al. [2010] showed that spraying yeast improv-
ing yield as a number of fruits or weight [kg tree–1]. 
In general, these findings concerning the response of 
Ziziphus jujuba fruit physical properties to a foliar 
spray of yeast extract and potassium nitrate go in line 
with those found by Khafagy et al. [2010], Hegab et al. 
[2005], Atawia and El-Desouky [1997] and El-Mot-
ty et al. [2010] they foliar spray of yeast extract on 
fruit trees, and found that increasing in weight, length 
and volume. These results are in agreement with those 
reported by Boman [1997], Boman and Hebb [1998], 
Boman [ 2001], Gill et al. [2012], Inglese et al. [2002], 
Sotiropoulos et al. [2010] they showed that the fruits 

sprayed with KNO3 improved the average physical 
characteristics such as fruit weight, fresh weight, fruit 
volume and fruit dimension. These results are in line 
with those reported by Abd El-Ghany et al. [2001] and 
Ismaeil et al. [2003] on vines as well as by Atawia and 
El-Desouky [1997], Boman [1997], Boman and Hebb 
[1998], Boman [2001] and Khafagy et al. [2010] on 
orange, El-Motty et al. [2010] on mango, Mostafa and 
Abou-Raya [2004] on banana fruit, Gill et al. [2012] 
and Khayyat et al. [2012] on pomegranate, they found 
that foliar spray of yeast extract and potassium nitrate 
was more effective in increasing total soluble solids, 
total, reducing and non-reducing sugars percentage 
ascorbic acid and decreasing fruit acidity. 

CONCLUSIONS

The results of the present investigation indicated 
that foliar application of dry yeast extract at 1% and 
2% and Potassium Nitrate (KNO3) at 1% and 2% on 
Ziziphus jujuba trees were improved yield, fruit physi-
cal and chemical characteristics. Yeast spray treatments 
decreased vitamin C (mg/100 g) juice content, while 
KNO3 spray treatments increased vitamin C in both sea-
sons. Foliar application with KNO3 at 2% recorded the 
best treatment to obtain the highest yield and physical 
characteristics, while yeast extract at 2% treatment gave 
the highest TSS% and total sugar contents.
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